The aim of the study was to evaluate the prevalence of hypertension associated with an elevated aldosterone to renin activity ratio (ARR) in a sample of adults aged 35-74 yr, randomly selected from the population register of the Bussolengo Health District (northern Italy) and representative of the total population of the district. Subjects (n ‫؍‬ 1462) were randomly selected from the population register and examined by their general practitioners. Complete data for 1348 individuals were available for final statistical analysis. Apart from verapamil or ␣-blockers, no hypotensive drugs were allowed during the 4 wk before assay. Direct active renin and aldosterone were measured in the plasma of hypertensive patients after 2 h in the upright posture. Of 412 identified hypertensive patients, 287 subjects agreed to give blood (70% response rate). An aldosterone to active renin ratio (AARR) of 32 pg/ml was taken as the cut-off value, equivalent to an ARR of 50 ng/dl/ ng/ml⅐h. An elevated AARR was observed in 32.4% of the hypertensive patients, with increased prevalence in females and in people aged 55 yr or older. As an elevated AARR is frequent in the general hypertensive population, screening should not be limited to the patients referred to specialist units. (J Clin Endocrinol Metab 89: [4221][4222][4223][4224][4225][4226] 2004) 
I N RECENT YEARS, growing evidence has consistently
supported the view that arterial hypertension due to primary aldosteronism is much more frequent than was previously suspected (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . This change in the estimated prevalence has been mainly due to the widespread use of the aldosterone to renin ratio (ARR) as a screening test capable of detecting inappropriately high aldosterone secretion for the degree of renin-angiotensin system activation (16) (see Table 1 ). By means of this approach, which is generally followed by confirmatory tests, it has also been demonstrated that most of the affected patients are normokalemic and therefore clinically indistinguishable from patients with essential hypertension (16, 17) . In addition to its screening function, ARR elevation has been reported to be a useful predictor of patient susceptibility to spironolactone treatment regardless of the established diagnosis of primary aldosteronism (18, 19) .
On the basis of all these considerations, the question still remains to be solved: should ARR measurement be reserved to specific, highly selected, subgroups of patients or should it be extended to all hypertensive subjects? If patients with abnormally elevated ARR are relatively frequent, as well as being specifically sensitive to a low cost therapy, such as spironolactone, and clinically indistinguishable from those affected by the common essential form of hypertension, then it would seem logical to propose that at least one determination of ARR should be performed in all individuals presenting with high blood pressure (BP). Despite being a subject of theoretical discussion (20) , however, this issue has not been widely investigated in practice, and to date the true prevalence of high ARR in the general population is uncertain. Clinical studies on the ARR ratio have generally been conducted in selected groups of patients referred to specialist hypertension units (1-7, 9 -15) . Only one study has reported ARR findings in a subgroup of hypertensive patients (n ϭ 125) in the general practice population of a single family physician in the United Kingdom (8) . Interestingly, the prevalence of elevated ARR (14.4%) in this study was not different from that found in specialist referral clinics. This first result, although very important, cannot be considered conclusive, and the actual prevalence in an appropriate sample of the general adult population, selected according to the criteria adopted in high quality epidemiological studies, needs to be established.
In the present paper we report the results of a study of the prevalence of hypertension associated with elevated ARR in a sample of adults (n ϭ 1,462; aged 35-74 yr) from the general population randomly selected from the population register of a northern Italian health district and representative of the total population of the district (n ϭ 124,991) with regard to age and sex distribution, educational status, and socioeconomic level.
register of the Health District of Bussolengo, a small town near Verona in northern Italy. The primary aim of the study was to estimate the prevalence of hypertension associated with high ARR in the general population living in the Bussolengo district, with the collaboration of a substantial number of general practitioners (GPs) who agreed to participate in the project. Considering that about one third (n ϭ 59 of 180) of all GPs working in the district approved and gave their written consent for the proposed protocol, a corresponding number of 41,644 individuals represented the basal reference population of the study. On the basis of a reported prevalence of hypertension in at least 30% in the population of northern Italy (21) and an 8% reliability coefficient, the optimal sample size for the study was estimated to be on the order of 1,500 individuals. Using a simple random method, an equivalent number of subjects was selected from the population register of the district, contacted by mail, and invited to meet their own GPs within 4 wk. The response rate was 97.1%, with a total of 1,462 individuals examined by their GPs. During the visit, a written questionnaire, recording the main personal and clinical data, was completed for both normotensive and hypertensive subjects, with the result that a total of 1,462 records were collected and analyzed by the investigators. In that data were incomplete in 114 cases, a dataset comprising 1,348 individuals was finally validated by the study committee. A schematic representation of the selection procedure is provided in Fig. 1 .
After a detailed explanation and obtaining written informed consent, subjects affected by hypertension (defined according to the criteria specified below) were included in the study and examined by biochemical assay.
The inclusion criteria were as follows: 1) systolic BP greater than 140 or diastolic BP greater than 90 mm Hg, measured twice in both arms, with the patient in the sitting position for 5 min, providing that he had not drunk any coffee or smoked during the previous 30 min; a third measurement (or further measurements, if necessary) was obtained in the case of a difference in BP values of more than 5 mm Hg; to establish a firm diagnosis, high BP also had to be confirmed 2 wk later (the same procedure was repeated as described above); or 2) current therapy for a previous diagnosis of hypertension.
Biochemical assays
Hypertensive patients were invited to give blood for biochemical assays on the condition that they complied with the instructions reported here. To avoid possible pharmacological interference with aldosterone and renin secretion, no hypotensive drugs were allowed during the 4 wk after inclusion in the study (wash-out period). If necessary, BP reduction was obtained using agents such as verapamil and ␣-blockers (prazosin or doxazosin) (19, 22) . In addition, patients were invited to avoid any relevant changes in their usual diet, including sodium restriction or vitamin/mineral supplementation before blood assay.
Patient blood samples for hormonal and routine parameters were collected after overnight fasting. Samples for aldosterone and renin assay were collected midmorning (i.e. 0900 -1000 h) after at least 2 h in the upright posture and a subsequent period of 10 min in the seated position. Tubes were immediately centrifuged at room temperature, separated, frozen, and stored at Ϫ20 C until processed. All samples were assayed in one step, using the same batches of reagents, in the laboratory of Verona University Clinical Chemistry Institute.
Aldosterone and renin assay
Plasma aldosterone was measured by a commercially available method, according to the manufacturer's instructions (Maia Adaltis, Bologna, Italy) and expressed as picograms per milliliter.
Renin was measured as direct active renin (DAR; picograms per milliliter) by the Nichols Diagnostics chemiluminescent immune assay (San Juan Capistrano, CA) performed on the automated Nichols Advantage System. The intra-and interassay variation coefficients were less than 5% and 8%, respectively.
Considering that in a substantial majority of published studies ARR is reported as a function of renin measured as plasma renin activity (PRA; nanograms per milliliter per hour) (for review, see Refs. [23] [24] [25] , and very few data are available to date for DAR, we first defined the equivalence of these two measures. For this purpose, two different procedures were adopted.
Linear correlation analysis. Both PRA and DAR were assayed on samples of 120 hypertensive patients, examined in the hypertension unit of the University Hospital of Verona during the past year, and linear correlation analysis of the respective measures was then performed. It should be noted that for PRA values less than 0.2 ng/ml⅐h (i.e. below the detection limit of the method) were taken as 0.2 ng/ml⅐h. Comparison of percentile distribution of aldosterone to renin ratios in age-and sex-matched hypertensive patients. Plasma aldosterone and either PRA or DAR were assayed in a total of 474 hypertensive patients, investigated for possible secondary causes of hypertension in the Hypertension Unit of the University Hospital of Verona over the past 5 yr. The patients were matched for age and gender to the hypertensive individuals selected in the Bussolengo population. All patients were on a sodium-controlled diet (NaCl, 110 -120 mmol/d) for 3 d before sampling, and the assay was not accepted when urinary sodium excretion was less than 100 mmol on the day before sampling. Over the previous 4 wk, patients took no hypotensive drugs other than verapamil and/or ␣-blockers. PRA was measured in 165 patients, whereas DAR was assayed in the remaining 309 subjects. These two subgroups were matched for age (48 Ϯ 12 vs. 46.4 Ϯ 11 yr) and gender (55% vs. 59% male) and also showed similar values for all of the main clinical features (BP, body mass index, creatinine, plasma electrolytes, and lipids). The ARR was calculated as a function of both PRA and DAR, and the percentile distributions were compared. For the sake of simplicity, the former ratio will now be indicated as ARR, and the latter as aldosterone to active renin ratio (AARR).
Results

Reliability of population sampling
To verify whether the population sampling was adequately representative of the entire population, the features of the selected group (n ϭ 1,348) were compared with the demographic data available for the whole population of the Bussolengo district, aged 35-74 yr (n ϭ 124,991). No statistical differences between the selected sample and the total district population were observed for age (the relative distribution by age classes is shown in Fig. 2 ), sex (male/female, 47/53% vs. 48/52%), socioeconomic level, or educational status (data not shown).
Overall, 412 hypertensive patients (30.5%) were identified, confirming the expected figure of approximately 30% disease prevalence. Each hypertensive patient was invited to give blood for biochemical assays, but only 287 subjects agreed to do so, with a final response rate of 70%. Although patients refused blood sampling for personal (business, working, or family) reasons, and there was no apparent reason to suspect a biased selection, compliant patients were compared with the subgroup of patients who refused blood assay. 
Relationship between PRA and DAR, and definition of AARR cut-off
Although not yet definitively validated, previous literature findings suggest that an orthostatic ARR value of 50 ng/dl/ng/ml⅐h or more should have relatively high sensitivity and specificity for the diagnosis of aldosteronism (for a comprehensive review, see Ref. 23 ). Using the abovedescribed procedures, we therefore sought to determine the AARR equivalent of an ARR of 50 in our dataset.
PRA and DAR were closely correlated (r ϭ 0.87; r 2 ϭ 0.75; P Ͻ 0.0001), but the correlation was stronger for the high/ normal than for the low range values of the parameters. Patients with PRA values of 1 ng/ml⅐h (used as the cut-off for low renin hypertension) or less, however, consistently presented DAR concentrations of 15 pg/ml or less. Analysis of the percentile distribution of ARR and AARR in the respective groups indicated that an ARR value of 50 (ratio of aldosterone, expressed as nanograms per deciliter, to PRA, expressed as nanograms per milliliters per hour) corresponded to the 79th percentile and the equivalent in AARR percentiles (ratio of aldosterone, expressed as picograms per milliliter, to DAR, expressed as picograms per milliliter) was a value of 32 (Table 2 ). In agreement with the results of the correlation analysis, subjects with ARR of 50 or greater showed PRA of 1 ng/ml⅐h or less, and those with AARR of 32 or greater had DAR of 15 pg/ml or less. An orthostatic AARR of 32 or more was therefore considered the cut-off value capable of identifying patients characterized by inappropriately high aldosterone secretion.
Prevalence of elevated AARR
The aldosterone to active renin ratio was 32 or more in 93 hypertensive patients and less than 32 in the remaining 194 individuals, so that about one of three patients (32.4%) had an elevated ratio. In the total hypertensive group (n ϭ 287), upright plasma aldosterone levels above and DAR values below the normal range were 11% and 2.8%, respectively. Table  3 presents the main features of the hypertensive patients, divided into subgroups according to normal or high AARR. Age and gender were differently distributed between the two groups (see Table 3 ), but all other clinical parameters (including potassium) were similar in patients with both normal and raised AARR. The frequency of elevated AARR increased with age, but remained constant beyond 55 yr (Fig. 3) . No relation- ship was observed between AARR distribution and socioeconomic or educational status (data not shown).
Discussion
The present report is the first attempt in a populationbased study to tackle the problem of defining which patients should be screened using the ambulant ARR. During the last 2 decades, the use of this screening test has not only progressively changed the estimated prevalence of primary aldosteronism, but has also given rise to controversy concerning the proportion of subjects in the hypertensive population who should be considered candidates for screening. Summarizing the current main points of view, many experts believe that only particularly "suspect" patients should be investigated (17, 26, 27) , whereas others consider it useful to extend this investigation to all hypertensive patients (16, 20) . Actually, neither hypokalemia (spontaneous or diureticinduced) nor other clinical features, such as refractory hypertension, seem to be preferentially associated with an autonomous, inappropriate aldosterone secretion (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Moreover, clinically mild, easily controlled forms of hypertension, indistinguishable from the essential form, have been described in members of families affected by familial aldosteronism (28) or by glucocorticoid-remediable aldosteronism, another genetically transmitted form of hypertension characterized by high aldosterone levels (29, 30) . Because there are no suitable clinical markers on which to base the selection process, the hypothesis that abnormal aldosterone secretion may be relatively frequent in the general population of hypertensive patients treated by practitioners would certainly appear plausible.
Since Lim et al. (8) published their pioneering paper on the subject, no reports have evaluated the issue on the basis of a specific epidemiological approach. In particular, to the best of our knowledge, ours is the first study to examine a sample of individuals affected by hypertension, randomly selected from the population included in the population register of a certain geographical area, namely, the Bussolengo district of northern Italy. A sample of 1,462 individuals was examined, and these were representative, with regard to age, gender, socioeconomic level, and educational status, of 124,991 adults, aged 35-74 yr, living in the district.
The overall prevalence of hypertension (30.5%) in this population was comparable to the recently reported results of a collaborative international study, including specific data on the northern Italian population (21) . Although almost one third of the hypertensive patients refused blood sampling, the gender, age, BP, and socioeconomic and educational status of these patients were very similar to those of the patients who consented. In addition to the random sampling, these commonalities provide an a posteriori demonstration of the validity and accuracy of the selection process.
The main result of the study is that inappropriately elevated levels of aldosterone, in relation to renin activation, characterizes one of three hypertensive individuals randomly selected from the general population. Most of the literature concerning ARR has used the traditional PRA assay, and very few reports have examined direct active renin (15) . PRA assay, however, requires particular care to maintain the temperature of the specimen during the assay and a long run-time (31) . These conditions could not be guaranteed in our study and thus could represent potential causes of imprecision; for this reason, the DAR assay was chosen as a surrogate measure. The problem inherent in this choice was to identify the corresponding values of DAR for PRA, which, in turn, determine the AARR. Several researchers have found a highly significant correlation between both methods (32, 33), as also confirmed by our results. Weaker correlations between the measures, however, were observed only for the lowest concentrations, i.e. in the range of interest of the study. In view of this fact, we combined the correlation analysis with comparison of the distribution of ARR and AARR divided into percentiles between two age-and sex-matched groups of patients for whom PRA or DAR were available. In this way, an AARR cut-off value of 32 proved to be the equivalent of an ARR value of 50. In addition, subjects with ARR of 50 or greater showed levels of PRA of 1 ng/ml⅐h or less, and those with AARR of 32 or more had DAR of 15 pg/ml or less. This result was consistent with our correlation analysis data and with the fact that patients with low renin have PRA of 1 ng/ml⅐h or less (24, 25) . Previous reports have used a relatively wide range of cut-off values, with a significant predictive capability claimed for ARR values of 27 or greater (23) . The ARR value of 50 (or the corresponding AARR value of 32) should therefore be a sufficiently prudent cut-off.
Although no apparent reason for bias due to inappropriate patient selection, interference of pharmacological or dietary factors, or methodological inaccuracy would appear to limit the validity of the present results, it should be clearly stated that the study does not allow us to quantify the prevalence of primary aldosteronism, but only that of an elevated ARR. In particular, this does not mean that an equal proportion of subjects with raised AARR automatically should be considered as being affected by aldosteronism, because no confirmatory tests of the diagnosis were performed. Moreover, a single elevated ratio does not necessary imply that the patient has primary aldosteronism, and a prudent practice would be to repeat AARR. Although high AARR and aldosteronism are very often concomitantly present, the study aims did not include establishing the extent of this association in our population.
Nevertheless, other implications of AARR that are potentially relevant in terms of human health have to be taken into account. The first is probably the need to extend AARR screening to all hypertensive patients. In this connection, the methodological procedure used in the present study is a suitable model in general practice without major undesirable consequences due to the withdrawal of previous antihypertensive drugs. None of the patients showed a symptomatic elevation of BP or had to be hospitalized during the wash-out period. This may be related to the fact that general practice patients are generally affected by less severe hypertension, but also further emphasizes the fact that AARR screening is particularly recommended and can be performed without danger in this specific setting. The potential impact of such a diagnostic approach in terms of subsequent workup for aldosteronism and possible surgical cure of hypertension due to aldosterone-producing adenomas is relevant. After suppression studies to confirm the presence of primary aldosteronism, further workup generally includes adrenal computed tomography scanning, but this imaging method may underscore a substantial number of surgically curable forms (16) . Although not accepted by all, the policy to perform adrenal venous sampling in the totality of patients found to be affected by primary aldosteronism could maximize the detection of functionally active aldosteroneproducing adenomas (16) . The costs and benefits of extending a similar practice have to be carefully considered in the future.
Secondly, it appears clear from our results that the prevalence of primary aldosteronism in the general population is similar to or higher than that observed in patients referred to hypertension units. Although indirect, this evidence is difficult to refute. A wide range of severity seems to characterize the disease, from very mild to more severe forms, but all characterized by raised AARR. This is consistent with the view that an increased AARR constitutes a specific marker for a subgroup of patients with similar genetic backgrounds, but different phenotype expressions or penetrances (34, 35) .
The final consideration stems from Lim's concept that an elevated AARR may serve as a guide for targeting drug therapy in hypertensive patients independently of the established diagnosis of aldosteronism (18, 19) . Although this option was recommended for patients with resistant hypertension or those requiring more than two agents for BP control (17, 26) , our results suggest that a much larger population could take advantage of such a therapeutic option. The hypothesis is surely worthy of future investigation. Once validated by controlled trials and adequately extended to all sensitive patients, this approach should prove highly costeffective in terms of cardiovascular prevention and public health, taking into consideration the low cost of spironolactone treatment (0.4 Euros/100 mg/d in Italy). Future controlled trials capable of demonstrating (or refuting) the hypothesis are therefore mandatory, so that a substantial proportion of individuals affected by hypertension can finally receive adequate treatment based on their pathogenetic features.
